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Synopsis. X-Ray diffraction measurements of a
7M Nal aqueous solution showed that iodide ion is sur-
rounded by approximately six water molecules, the I--H,O
distance being 3.60 A and that sodium ion is bonded to
about four water molecules at the distance of 2.4 A.

According to the results so far reported, halide-
water distances in the first hydration sphere are about
32A for Cl-, 34 A for Br-, and 3.7A for I-.1-%
These distances for C1- and Br— ions are in good agree-
ment with the sums of the respective crystal ionic
radii and the molecular radius of water. For I- ion,
the anion-water bond length is more than 0.1 A longer
compared with the sum of the crystal radius of iodide
ion and the radius of a water molecule. The halide
ions are reported to be surrounded by seven to ten
water molecules as their closest neighbors.l-3) How-
ever, the number of water molecules around halide
ions and the structural arrangement were not definitely
determined. The recent X-ray and neutron scat-
tering measurements of LiCl solutions by Narten
et al.® revealed the six-coordinated structure for the
hydrated Cl- ion, although the bond is estimated
to be rather weak. Then, questions arise how many
water molecules are really coordinated to one iodide
ion and if the I-—H,O bond is longer by 0.1 A than
the sum of the crystal radius of iodide and the radius
of a water molecule.

Lithium and potassium ions were reported to be
bonded to four water molecules in the first hydration
sphere, their ion-water distances being 2.0 A% and
2.9 A1 respectively. For Na+ ion, on the contrary,
it was suggested that the cation is surrounded by six
water molecules, 2.4 A distant from the central ion.%
In view of the previous results it seems unlikely that
Na+* ion has a different hydration number from Li*+
and K+ ions.

In order to reconfirm these points, we have carried
out X-ray diffraction measurements of a concentrated
sodium iodide solution.

Experimental and Treatment of Data

The Nal aqueous solution was prepared by dissolving
recrystallized sodium iodide in water. The concentration of
Nal in the solution was found to be 7.009 M from the gravi-
metric analysis of I~ as Agl.

X-Ray scattering data were obtained at 25 °C on a 6-6
diffractometer (JEOL Co., Tokyo) equipped with a Philips
Mo X-ray tube; the details of the measurements are de-
scribed elsewhere.® The measured scattering angle range
(20) was between 2° and 140°. The intensity data were
corrected for background and polarization, and then scaled
to absolute intensities I(6) according to the ordinary pro-
cedures.®~® Reduced intensities 7(f) were extracted by
subtraction of independent coherent and incoherent scatter-

ings from the scaled intensities 1(6).9

The radial distribution function D(r) was calculated by
means of the Fourier transform of the reduced intensities
i(6) on the basis of the following equation.

D(r) = 4nrtpy + 2rn? ﬁ T i(s)- M(s)-sin (rs)ds (1)

Here p, is the average scattering density in electron units
and s=4nsinf/A (1=0.7107 A). The modification function
M(s) used is (f3(0)/f2(s))-exp(—0.01s%), where fi(s) is the
coherent scattering factor of iodine atom at “angle” s.
Smax is the maximum value of s (=~16.5 A-1) reached in the
experiments.

Results and Discussion

Figure 1 draws the radial distribution curve D(r)
and the differential curve (D(r) —4nr?p,). These curves
show three peaks at around 2.4 A, 3.6 A, and 4.8 A.
It is readily deduced from the previous results?3:5)
that the first peak at 2.4 A is due to the Na+-OH,
bond in the first hydration sphere and the second
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Fig. 1(a). Comparison between the D(r) curve (thick

solid line) and the peak shapes calculated for the
Nat-OH, and I--H,O bonds.

The curve 4nr?p, is shown by the thick solid line,
the calculated peak shapes by the fine dashed line,
and the residual curve by the fine solid line.

(b) Differential curve, D(r)—4nr’p,.
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peak at 3.6 A represents the I——H,O bond within
the hydrated iodide ion.

The distances for sodium— and iodide—water bonds,
and the hydration numbers were evaluated by the
trial and error method in such a way that the residual
curve brought about by subtraction of the theoretical
peaks for the ion—water bonds from the D(r) curve
led to a smooth background curve.®~® The theoretical
peak shapes were produced by the Fourier transform
(Eq. (1)) of the theoretical intensities for a given struc-
ture calculated by Eq. (2).

2 Z n33./3(5) f5(s ) exp (—bys%)  (2)

where fi(s) and Jf3(s) denote the scattering factors of
atoms 7 and j, respectively, and ng, 7,;, and b,; re-
present the frequency factor, the distance and’ the
temperature factor of the interaction between any
atoms ¢ and j, respectively.

In Fig. la are illustrated the theoretical peak shapes
(fine dashed line) for the Na+-OH, and I—H,O
bonds and the resultant residual curve (fine solid
line), together with the D(r) curve. The values
r=2.40+0.03 A, 5=0.004+0.002 A%, and n (hydra-
tion number)=4=+1.5 for the hydrated Nat ion, and
7=3.60+0.02 A, $=0.025+0.005 A2, and n=6=+1 for
the hydrated I~ ion brought about a smooth remainder
curve (fine solid line) with no indication of other
residual peaks (Fig. la). These values were refined
by direct comparison of the reduced intensities s-i(s)
and the theoretical ones calculated from Eq. (2). The
satisfactory agreement was obtained between the
observed and calculated intensities in the s region
larger than 3.5 A-1,

In conclusion, the distance (2.4 A) for the Na+—OH,
bond is in good agreement with that reported pre-
viously.® On the contrary, the I—H,O distance
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of 3.60 A found in this work is shorter than that re-
ported by Lawrence and Kruh in concentrated alkali
iodide solutions.? Our I--H,O bond length cor-
responds to the sum of the crystalline radius of I-
ion (2.16 A)» and the radius of a water molecule
(1.4A), as is true for the distances of the Cl—H,O
and Br—H,O bonds.2~% The hydration number of
I~ ion found in this work was a little smaller than that
reported previously,®® but the same as that of Cl-
ion.¥ Although the number of water molecules co-
ordinated to Nat ion was not definitely determined
because of the small scattering power of Na, our result
showed that n=4 is more probable than 6.

It was difficult to clearly identify the asymmetric
peak ranging from 4.5A to 5.2 A; the peak may be
ascribed to the Nat-OH, and I—H,O interactions
in their second hydration spheres and H,O-H,O
interactions within the hydrated I- jon
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